Study Design. Retrospective cohort study of the prospective collected American College of Surgeons National Surgical Quality Improvement Program database. Objective. The aim of the study was to identify predictive factors for the need of discharging patients to a facility other than home after lumbar spine fusion surgery. Summary of Background Data. Lumbar spine fusion surgery is a common surgical procedure used to treat a variety of lumbar spine conditions. A great number of patients fail to go home after surgery and require admission to a rehabilitation center. Predictive factors for discharging patients to a facility other than home after lumbar fusion surgery do not exist in the literature. Methods. A total of 15,092 patients undergoing lumbar spine fusion were dichotomized based on discharge destination to patients who were discharged home (N ¼ 12,339) and others who were discharged to a facility other than home (N ¼ 2753). Outcomes included patient demographics, comorbidities, and clinical characteristics. A multivariate logistic regression was used to identify whether outcomes studied were predictive factors for discharging patients to a facility other than home after lumbar fusion surgery. Results. Majority of patients were discharged home after lumbar fusion surgery (81.76%), with only some discharged to a facility other than home (18.24%). Multivariate analysis identified age, female sex, comorbidities (diabetes, chronic obstructive pulmonary disease, congestive heart failure, hypertension, and obesity), minor and major complications, hospital length of stay, operative time at least 259 minutes, and multilevel surgery as significant predictive factors of discharging patients to a facility other than home after lumbar fusion surgery. Conclusion. The identified predictive factors can help the health system in developing an algorithm for early recognition of patients requiring postoperative admission to a facility other than home and possibly decreasing their hospital length of stay. This can significantly decrease the hospital costs for such patients.
L
umbar spine decompression and fusion is one of the most common procedures in spine surgery and is considered the procedure of choice to treat some degenerative spine pathologies. 1 Patients undergoing lumbar spine fusion have an average hospital length of stay (LOS) of 3 to 6.7 days. [2] [3] [4] This is a major contributor to the health care costs in patients undergoing lumbar spine surgery. 5 The average cost for each additional day spent at the hospital is approximately $1000 USD. 6 Many studies have focused on identifying variables predicting LOS after posterior lumbar fusion (PLF). Zheng et al 4 reported that increasing age is a predictor of longer hospital stay in patients undergoing PLF. Surgical and medical complications such as pneumonia, cardiac complications, dural tears, and return to the operating room (OR) have also been associated with longer hospital stays. 7 One crucial factor that can increase a patient's LOS after lumbar fusion surgery is waiting for an available bed at a rehabilitation center or a nursing home. 7 Although living alone, increased age, and medical comorbidities (diabetes, coronary artery disease, chronic obstructive pulmonary disease/asthma, neurologic disorders, and psychiatric disease) have been shown to be predictive factors for inpatient rehabilitation after joint arthroplasty, 8 we are not aware of any studies that have investigated preoperative factors associated with discharge to a facility other than home after spine surgery.
From the
The purpose of this study was to identify predictive factors associated with discharging patients to an inpatient facility other than home after lumbar fusion surgery. By identifying such predictors, we would be able to expedite applications to such facilities and decrease hospital LOS after lumbar fusion, and therefore decrease hospital costs. We hypothesized that patients who have major comorbidities or intraoperative complications will be more likely to require an admission to an inpatient facility other than home.
MATERIALS AND METHODS

Data Source
Using the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database for retrospective cohort studies has been well established in the literature. [9] [10] [11] [12] The ACS-NSQIP database gathers patient information from more than 400 participating US and Canadian centers. Cases are selected in 8-day cycles and monitored by reviewers who thoroughly review all inpatient/outpatient progress notes and contact lost-to-followup patients. This database captures more than 130 variables for each patient and records their morbidity and mortality over 30 days postsurgery.
Patient Selection
For this study, we retrospectively queried the ACS-NSQIP database using Current Procedural Terminology (CPT) codes to identify patients who underwent PLF and anterior lumbar fusion (ALF) surgery between 2011 and 2013. The CPT codes we used to identify patients undergoing PLF were 22612, 22630, and 22633. Patients undergoing ALF were identified using CPT code 22558. For multilevel surgery, we used additional CPT codes 22585, 22614, 22632, 22845, and 22842. Other CPT codes used to identify patients with dural tears were 63710, 63709, and 63707.
Outcomes
Discharge destination was categorized as follows in the ACS-NSQIP database: (1) skilled care, not home (e.g., transitional care unit, subacute hospital, ventilator bed, skilled nursing home); (2) unskilled facility, not home (e.g., nursing home or assisted facility, if not patient's home preoperatively); (3) facility which was home (e.g., return to a chronic care, unskilled facility, or assisted living, which was the patient's home preoperatively); (4) home; (5) separate acute care (e.g., transfer to another acute care facility); and (6) rehab. As the focus of this study was to identify patients who were discharged anywhere other than home, we dichotomized this variable into two groups: home and other facility.
Other outcomes included patient demographics, comorbidities, and clinical characteristics. Patient demographics included age, sex, and ethnicity. Comorbidities included body mass index (BMI), diabetes (type 1 and 2), smoking, dyspnea, chronic obstructive pulmonary disease (COPD), congestive heart failure (CHF), dialysis, hypertension, bleeding disorders, steroid treatment, preoperative functional status, and American Society of Anesthesiologists (ASA) classification. Information regarding living situation before surgery (e.g., living alone) or home support system was not available in the NSQIP database. Operative variables included multilevel surgery, blood transfusion within 48 hours before surgery, operation time, return to the OR, dural repair, minor adverse event, and major adverse event.
Major adverse events were defined as death, ventilator support for more than 48 hours, stroke/cerebrovascular accident, deep wound infection, myocardial infarction, sepsis, and pulmonary embolism, whereas minor adverse events were defined as blood transfusion, urinary tract infection, superficial wound infection, venous thromboembolism, and pneumonia. Other outcomes of interest included hospital LOS and preoperative functional status. A hospital stay more or equal to the 75th percentile (5 d) was considered an extended LOS. Only patients above the age of 18 with available variables were included in the study.
Statistics
Stata version 12.0 (StataCorp, LP, College Station, TX) was used to perform all statistic analyses in this study. Patient demographics, comorbidities, and operative characteristics were compared between patients being discharged home and patients discharged to a facility other than home. The x 2 test was used for categorical data, and the Student t test was used for continuous data. A multivariate logistic regression was then preformed to determine predictive factors that differentiate patients who were discharged home from those who were discharged to a facility other than home. All variables with a P < 0.2 were included in the multiple regression model. Extended operative time and hospital LOS were dichotomized using at least 75th percentile.
RESULTS
A total of 15,092 patients underwent PLF and ALF between 2011 and 2013. Of these, 12,339 (81.76%) were discharged home and 2753 (18.24%) were discharged to a facility other than home. Of those 2753 patients discharged to a facility other than home, 8.42% were discharged to a rehabilitation center, 0.21% were discharged to a separate acute care facility, 9.55% were discharged to a skilled care facility, and 0.06% were discharged to an unskilled facility.
Patient demographics, comorbidities, clinical characteristics, and adverse events are shown in Table 1 . Compared with the patients who were discharged home, those who were discharged to a facility other than home were older (68.6 AE 11.4) (P < 0.001), with the majority of them being females in both groups (P < 0.001).
When analyzing comorbidities, patients discharged to a facility other than home had a higher BMI compared with patients who were discharged home (P < 0.001). Furthermore, they demonstrated a higher prevalence of other comorbidities such as diabetes (type 1 and 2), dyspnea, CHF, COPD, bleeding disease, hypertension, and being on steroids when compared with patients discharged home (P < 0.001). Patients going to a facility other than home were more likely to receive blood transfusion within 48 hours preoperatively (P < 0.001). The functional status of patients preoperatively significantly differed between the two groups. Partially dependent and totally dependent individuals were more likely to go to a facility other than home after surgery (P < 0.001). Smoking was more prevalent in patients discharged home (P < 0.001).
Intraoperative parameters also differed between the two groups. Patients discharged to a facility other than home had higher ASA classification (P < 0.001), longer operative time (242.3 AE 122.3, P < 0.001), higher minor (37.7% vs. 15.8%, P < 0.001) and major (5.7% vs. 1.7%, P < 0.001) complication rates, more prone to have a dural repair (2.1% vs. 0.9%, P < 0.001), and more likely to have multilevel lumbar fusion surgery (63.5% vs. 48.8%, P < 0.001). In addition, the proportion of patients who returned to the OR was greater in patients discharged to a facility other than home (5.3% vs. 2.9%, P < 0.001). In contrast, patients who were discharged home constituted a greater proportion of patients undergoing an outpatient lumbar fusion procedure (2.4% vs. 1%, P < 0.001). The total hospital LOS was longer in patients discharged to a facility other than home (home: 3.58 AE 4.42 d; facility other than home: 6.03 AE 4.98 d) (P < 0.001).
A multiple logistic regression was then performed to identify independent risk factors for requiring an admission to a facility other than home ( 
DISCUSSION
This novel study examined discharge destination outcomes in a large sample of more than 15,000 patients undergoing lumbar spine fusion surgery across the United States and Canada. This was achieved by analyzing perioperative data retrospectively from the ACS-NSQIP database. Using a database as such allowed us to select a national sample representative of the US and Canadian population as opposed to studying a group of patients treated in one center or by a single surgeon. 13, 14 Many studies have looked at patient-based factors as predictors of morbidity and mortality after spine surgery. [15] [16] [17] [18] We are, however, not aware of any studies that investigated possible predictors of discharge outcomes in patients undergoing PLF and ALF procedures. Munin et al 8 looked at predictive factors that can differentiate patients who will require an inpatient rehabilitation program from those discharged home after total hip and total knee arthroplasty surgeries. Age, living alone, and the numbers of comorbid conditions were reported to be significant predictive factors of discharge outcome after such surgeries. To our knowledge, this is the first large cohort study in the literature that evaluates pre-and postoperative predictive factors associated with discharge destination after PLF and ALF surgery. Our multivariate analysis showed that both female sex and increasing age were significant risk factors for being admitted to a facility other than home (Table 2 ). In addition, ASA classification and comorbidities such as diabetes, CHF, COPD, hypertension, and high BMI were also found to be independent risk factors for being discharged to a facility other than home (P < 0.05). Although smoking has been commonly associated with considerable adverse events, 19 a large cohort study by Seicean et al 20 showed no association between smoking and 30-day adverse outcomes after lumbar fusion surgery.
Similarly, our results show that smoking was not a predictor of discharge destination. In this study, surgical predictors of requiring postoperative transfer to a facility other than home included multilevel surgery, longer operative time, and any minor or major adverse events during the surgery (P < 0.001). Many of these predictive variables are similar to those identified in the literature by others for total knee and total hip arthroplasty surgeries. 8 Furthermore, Kalanithi et al 14 looked at predictors of complex disposition (death or discharge to an institution other than home) in patients undergoing PLF for acquired spondylolisthesis. Similar to our results, they reported increased age and number of comorbidities as significant predictors of complex disposition. 14 LOS after surgery is of great importance to the patient and the health care system expenditure. Our results show that extended LOS after PLF and ALF surgery was a significant predictor of discharge destination. Only few studies, however, have looked at extended LOS as a predictor of discharge destination after PLF surgery. Gruskay et al 7 demonstrated that patients who underwent PLF had an extended LOS, if they were discharged to a nursing home or subacute facility. Extended LOS in our patients can be partly explained by the unreported procedure-specific complications and the lengthy time-consuming application process for finding availabilities at an inpatient facility. In fact a study has shown that a great number of discharge delays in such situations are primarily related to lack of beds at rehabilitation centers. 21 Moreover, Basques et al 22 reported that variables such as age, morbid obesity, and ASA classification are predictive factors of increased LOS after PLF surgery.
Although patients with dural repair in our study had an extended LOS of 5.9 days post PLF or ALF surgery, it was not found to be a significant predictor of discharge destination. This can be elucidated by the fact that only 1.1% of our study sample (167 out of 15,092 patients) had a dural repair, which makes it difficult to detect any statistical significance. Thus, our study reiterates the importance of predicting discharge destination early on for patients undergoing PLF and ALF surgeries, accelerating their applications to desired facilities and therefore ultimately decreasing their hospital LOS.
According to our findings, predictors of discharge can be divided into pre-and postoperative predictors (Table 3) . Preoperative predictors can mainly help with preoperative planning and prepare patients' transfer to a facility other than home, for example, an older patient who is partially dependent and has multiple comorbidities will likely need to be transferred to a facility other than home. Postoperative predictors can help recategorize patients who were previously expected to go home during the preoperative assessment, for example, a young otherwise healthy patient who undergoes a PLF surgery is more likely to be discharged home postoperatively. If the procedure was unexpectedly prolonged and the postoperative course was complicated by a minor or major adverse event, the probability of this patient's transfer to a facility other than home is, however, higher.
The financial effects of delayed discharges are strongly related to LOS. 23 Owing to the lack of detailed cost data in the ACS-NSQIP database, we used LOS to determine health care costs as described in the literature. 24 Extended LOS costs are heavily considered by third-party payers with recognized baseline in the United States reaching $1000 USD for each additional day in the hospital. 6 On the contrary, the average Medicare payment per day for an admission to an inpatient rehabilitation facility and skilled nursing facility is $73.57 USD and $63.88, respectively. 25 Identifying patients requiring to be admitted to such facilities early on can therefore help plan early discharge and decrease LOS after lumbar fusion surgeries. This could lead to a significant reduction in the costs associated with inpatient hospital charges. 23 As most retrospective studies, there were limitation to the presented cohort. First, ACS-NSQIP database does not record the reason for extended LOS, and whether it is related to the availability of beds at the facility the patient is being discharged to. Several procedure-specific complications were not available in the ACS-NSQIP database, such as epidural hematoma, which may also have led to longer than expected hospital stay. In addition, trauma patients who underwent lumbar fusion surgery were not excluded from our patient population. As a result, some patients may have been polytrauma patients with other significant injuries that prolonged their hospital stay because of multiple surgeries, or other reasons such as ICU admission. 21 Majority of our patient population, however, were patients undergoing elective lumbar fusion procedures (94.9%). Other factors that can predispose patients to transfer to an inpatient facility such as living alone and lack of home support were not recorded in the database.
In summary, this large multi-institutional cohort study examined pre-and postoperative predictors of discharge destination outcomes in patients undergoing PLF and ALF surgery. Although the majority of patients were discharged home, risk factors such as increased age, high BMI, female sex, comorbidities, multilevel surgery, longer operative time, and postoperative complications were all independent predictors of postoperative transfer to a facility other than home. Early recognition of these factors can expedite the admission processes to such facilities and avoid unnecessary hospital LOS, and therefore decrease hospital costs.
Key Points
A great number of patients fail to go home after lumbar fusion surgery and require admission to a rehabilitation center. Predictive factors for discharging patients to a facility other than home after lumbar fusion surgery do not exist in the literature. ACS-NSQIP database was used to identify the predictive factors for the need of discharging patients to a facility other than home after lumbar spine fusion surgery. In the present study, a total of 2753 patients (18.24%) were discharged to a facility other than home. Of these, 8.42% were discharged to a rehabilitation center, 0.21% were discharged to a separate acute care facility, 9.55% were discharged to a skilled care facility, and 0.06% were discharged to an unskilled facility. We identified age, female sex, comorbidities, minor and major complications, hospital LOS, operative time at least 259 minutes, and multilevel surgery as predictive factors of discharging patients to a facility other than home. 
